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THE CONSTANT-ELEVATION FREE-BALLOON FLIGHTS FROM FORT OMAHA. 

By C. LEROY MEISINOEB. 
[Dated: Weather Bureau, Washington, Sept. 15,19l%] I 

SYNOPSIB.-BY means of two free-balloons from Fort Omaha. Nehr., 
sailing at constant elevations of 5.000 and 10,000 feet, respectively, 
it wm nsaihle to determine with fair accuracy the trajectory c:f an RV 
particg in the given pressure distribution. The u per halltion m s  
able to maintain its elmation much more eatisfactmi& than the lmer, 
because of ita comparative freedom from the effecbs of the h a r k  
Mountains. A comparison of the actiial s eeds of t,he balloons with the 
computed wind speed or gradient wind siows that the lower ba.lloon, 
especially during the smoothness of the night. averaged within 0.n 
meter per second of the com uted speed. The aths of both balloons 
were practically the same. slowing that the e&ct of the contmlling 
cyclnne, the center of which was over the Great Lakes, persisted to a 
considerable height. The speed of the upper ballotin was slightly 
greater than that of the lower. 

Purpose.-’l?he idea which culminat,ed in the free- 
balloon fli hts from Fort Oniaha on April 16, 1919, came 

in the Weather Bureau. The foylowing est.ract from a 
memorandum written by Mr. Willis Ray Gregg, nietoorol- 
ogist, Weather Bureau, will best, esplaiii tmho p~rposp. 
and value of the enterprise: 

* Althou h observations of temperature. etc., during a free- 
balloon flight wouli be int.eresting, their value is questiO-malJe because. 
of course, the balloon is moving with the wind and the instrument.s. 
therefore, receive but little ventilatiiin. The f d l i  Baing project WI d d  
be well worth attempting: 

Have the balloon reach and maintah a certain definite alt,itiide. e. g. .  
2 kilonietem ahove sea level, and drift with the wind for as h g  n pefi. dd 
as possible. The observer shoiild note cwefully t.he placw passed over, 
and make a report with a sketch of the rijute covered. This q.y<>!iltl em- 
ble 11s to determine the actual traiectcil?; nf a particle of air iindw the 
influence of a given pressure distrihdcin. Phaw and Dinee have dime 
much thenretical work along t,his line a.nd it woiild be estrcviely h e r -  
esting and valuable to have data for checking t.lieir conch  *ions. 

This suggestion is not origirud nith me, it having been proposed 
recently by Prof. Humphreys during a conversatim as ti-, suitahle linea 
dong which the work of this divi8ion should he developed. 

Thus, the purpose of the flights was t,o determine t,ho 
trajectory of an air articls, act,ing under the influence 
of a given pressure &t,rihut,ion, wit,li a vicw to checking 
theoretical considerations preTiouslg iiia.de. 

,lkthods emplo ea.-The plan, as worked out at Fort 
Omaha, coiisistec?in sencling out, two free balloons of equal 
capacity-one to travel at  an Jt,itude of 5.000 fect and 
the other to maht,ain an nltitucle of 10,000 fwt. nhow wa 
level. Thus tho pu ose, as set f0rt.h abore, would 

afford the advantage of sirnult,atneous rilwrrtit.ioiis at  
different altitudes. 

Thc story qf t 7 ~  jmmq.---Bcfore proc.ding to tlw 
CIiscussion of tho nieteorological aspccts of tho flight.si, I 
shall narrate briefly some of t,he cxperieiices of thc 

For convenience, the balloons were nunil>ered yl:f?, the lower being No. 1 aucl t,he higher No. 3. 
The lower balloon was niaiined by Liqut. Col. Jwob 
W. S. Wuest and Lieut. R d  h A. Reynolds; the higher, 

esperience of the lower b‘doon I mill quot,e froni mi 
account written by Lieut. Reynolcls: 

“Our balloon was following t.he eneral course of the 
Missouri River and was slowly cfhibinf t.0 our pre- 
arranged altitude. The junction of bhe h t e  and the 
Missouri was below us, and Plnt,tmiouth was just ahentl. 
We soon passed Nebraska City and Auburn, * * * 
and at  3:30 a. m. we were crossing the I<a.nstts Itiver at 
Lawrence. At 6:30 we crossed from Icaiisas into %h- 
souri, and five minutes later t,he sun ap >eared on tlir 

a higher altitude. The oTeen fields stretched away w 
far as the eye could see eke a vast checkerboard. The 

indirectly P rom FV. J. Humplire-ys, rofessor of ni 

receive double cons1 -?. eratioii, n.11~1, in addition,. would 

by Capt. Frank W. Good x e nnd myself. As to the 

horizon, heamingly confident tht1.t we WOI li d soon rise to 

niining region around Jop1i.n and Cart,hnge was visible, 
and one could make out the din1 out,lines of the foothills 
of the Ozark Mountains. Below us were lilac hushes in 
purple hlooin and cherry trees proudly bore t.heir white 
blossoms. 

The cooling effect, 
of the woods began to contmct our gas and we began to 
drop.’ 

failed to  affect tho balloon, then the sun espanded the 
gas until we ascended far above our desired dt.ltucle. We 
valved down t,o this a l t i tde  and t.he mount,ain winds 
veet.ed us again. This process was repeated with vary- 
mg success several timos. Finally the ground wind be- 
came so st.rong t.hat., as we would come clown near the 
t.ops of t.he niountains, the cross currents would assume 
coiit.ro1 of our balloon and tske us wherever their slightmest 
whiiiis would cIictat>e. This was not the most, soothing 
thing for our nerves at  this particular time; also we were 
running short of bnllast. It was decided to go high 
enough t.o get aim-e the effect of tlie nioiintaiii currents 
uiid rcni:tin there until u-e had passed the vicinity of the 
Ozarks. We ntt,ainerl an dt.itucle of 13,000 feet,, where 
we rcninind un t.il we had chosen our landing field. The 
balloon wns vul\-etl cIow-~i to 7,000 feet,, where we were 
caught in 1% wti.rin, vaporous cloud. This sent the balloon 
up to 1(:1,000 fcet again, which was highly disturbing since 
we hncl only five bags of ballast (about 150 pounds) left. 
However, we begun our clcscent, and came down at the 
rate of 900 feet pcr minutme to 4,000 feet. At this point 
we poured ovrr our water, which cl!ecked us slightly. 
But its wc neared tlie ground, the ra.cliat,ion of heat from 
t.he ground checked 11s coniplet,cly at  300 feet. 

“We made an uneventful landing at Cabot., Ark., at 
2% p. 111. Before inany minut.es had elapsed, niany of 
the natives of the section were on the scene and giving us 
every nssist,ance possible. Their genuine hospitality was 
niost cliaiiiillig and wa.s one of t.he most. pleasa.nt in- 
cident,~ of the whole journey.” 

Thus it, semis somewhat of n. paraclns to HPC& of this 
as a coiist,aiit-elevntion flight.: iie!sertlit!llrss, this irregu- 
In.rit,y occurrcd in tho latker part. of tho journey only. for 
t,he n.lt,iturlos muiiit.niiiar1 rliiriiip t - l i r ?  night ware quit(: 
c~ollst~an t.. 

1 will t,ell in somswli*it. gcn.t.cr det.nil of t,he trip in the 
upper 1)alloon. Thc lirst, Idloon was led from t,he hnl- 
loon houso nt. l0::%5, followixI hy t.he spect,at.ors. Aft,er 
a very lit,t,le weighing off, ant1 with no c~oiifusioii. i t  slipped 
off into the nioonlight,. The crowd now t,uriied back into 
t,he baUoon house to see the get.away of tlie second. Our 
1)dloon wa.s not, filled to capacity, because of the fact t h t ,  
we were to asconcl to the h i g h  Jt.itude, and t,here woidtl 
nat,urally bt? a loss of g t ~ s  through expansion. If we ha.d 
had the full 35,000 cubic feet., howewr, we could have 
gotten awn with niore balltist.: as it was, t,lie situation 
WRY “pitif 3 , I ’  as one onlocdicr described, for bag after 
bag of sand aiid one of tho water hot,t,laa had to  be sacri- 
ficed hefore t.he 1~a.llooii iiianifested :in?- desire t.o rise. 
Filially wo were disptched iiit,n the night! at 10:45. It, 
was indeed impressive to us in the basket to see tlie up- 
lift.ed hands waving t.o us, and t.he uplifted fa.ces, illu- 
niined by the pale moon, and t.0 hear the good-by calls 
growing fainter as we receclec-1. 

1 There may hsve Lwen B dm-current as well.-c. r. 8. 

“Our t.rouhle was about to begin. 

Ballast was t.hrown and we ascended slow1 
uiit.11 we reached a height where the mountain win B s 

___ -. . . . .. . . - . . . . ._ .- -_. - . - . . . . . . . . -. . - 



53 6 MONTHLY WEATHER REVIEW. AUGUST, 1919 

In  an hour, we had touched the 10,000-foot mark, and 
had beer, carried down the valley of the Missouri, first in 
Iowa and then in Nebraska, clue to the devious course of 
the river, until we were 10 miles northe& of Nebraska 
City. We were now permitted to realize the beauties of 
a night trip at hi h altitude. True, it was c.old-t.he 

the moonlit landscape, studded with cities, more t,lian 
offset any trifling physical discomfort,. First,, of course, 
there was Omaha, wit:h Council Bluffs across tho river. 
The street.s, the cars, tlie automobile light.s, the blinking 
electric signs-each mas doing it.s dazzling bit. As we 
withdrew from the city, we saw villages on every hand, 
some with only two or three street lights, but others 
more aenerous’ly illuminated. So high were w e  that 
the l i g b  of Lincoln, hazy in the horizon mist, could he 
discerned. Later, we passed near St. Jose h and 1Zansa.s 

Above, the sky was clear, save for a few wisps of cirrus: 
the white moon rode in triumphant splendor, and a 
meteor slipped silently, fading in a vaporous niist.. 

About 5:30 the dawn began and the countr side seemed 

began to fade, the colors of the fields began to assert 
. theniselves-where there had been shades in the moon- 

livlit, there now were tints. At 7 o’clock we crossed out 
of hfissouri into Arkansas in a southeasterly direct.ion. 

Perhaps through sympathy with the proverbially slow 
train, the wind speed was noticeably less and we began 
to drift lrtzily along. The rising sun began to expand 
our gas and we showed a tendency to rise, although the 
effect was not too strong. After the alt.itude of 1’’ 000 
feet was attained, we valved back to 10,000. h e  
Arkansas River was plainly seen to the southwest, while 
f a r  in the southeast, in the glint of the morning sun, 
were seen bright spots in the haze, which were unniis- 
takably bends in the Mississippi near Memphis. 

what we saw, I shall not att.einpt, a 
description. Tr le Ozarks are beautiful, the windin 
white roads threading themselves about t,he hills serve 
to lead tlie eye from one hanllet to another, while t,he 
railroads pursued sweeping curves over trestles and 
through tunnels. The hills theniselves were chiefly 
evident by the shadows t h y  cast.. Passing out, of tlie 
mountains, we came in sight of Little Rock-near enough 
that we could see the white st,atehouse, and the bridges 
over the Arkansas River. 

By this time we were ett,iiig over the Arkansas Valley 
easi of Little Rock. ‘ h e  country seeniecl to he verJ- 
swampy, and where the ground was bare it was appa- 
rently wet,-but where the pine forests s read along for 

skylight, among tlie t,rees. Over this forest area and 
swamp land a tendency to descend required an almost 
constant ex enditure of ballast, of which we had none 
too much. %e seemed to be. drifting slower and slower, 
and now that we were approaching the Mississi pi wore 

the eye could reach, the serpentine Mississippi con tin- 
ued its amblin s and more and more we seemed to come 

Of all the hundreds of square miles witlin our view, 
therc were only a very few which appeared to bo cleared 
and uncler cultivation, and in w1ic.h we might eflect a 
landing. But, at  t,Gs altitude, there was no other pros- 
pect t,lian a wet landing in the river. In consequelice, 
we threw some ballast and in a few minutes were sailing 

thermometer had cropped P t,o So F.-buts the beaut.p of 

Cit,y, which vied with Omaha in scintil P ating beauty. 

to change in character completely. The lig i ts of towns 

As to exact1 

5 

miles me could see the water shining anc 4 reileciing t.he 

aware t,liat we were being pulled toward it. PP s far as 

into its contro 7 . 

at 12,500 feet, and happily drifting across t,he river 
t.oward t.he east. We passed clirect.ly over t,he t,own of 
Grccnville. On t.hc river wa.s a steamer, and to the right 
lay Greenrille; :I. la.rge cumulus cloucl far below hlot.tet1 
out t.ho t.oum of Arlia.iisas City. With so little ballast 
~ i i t l  so fern available landing spots it was decided to land 
at  once. 

I niiist digress, for t,lie nionient, t.o nienbion t,he hysio- 
logical nncl psychological effects of the long periof a.t the 
high nlt.itutle. Cnpt. Gondale is not inherently belliger- 
ent. nor nm I, hut it clid 1iti.ppen that for a time we enter- 
tained more or lcss 1iost.ile sent.in1ent.s for one nnot,lior. I 
do not nicnn that citlior of us sought to heavc the other 
out of the basket, but. we becanie mutually sullen for no 
cause at all. It was lat.er espln.ined by the physicians at  
t.he fort, as due t.o not.hing less t.1ia.n t.he fatigue caused by 
R lack of t,he proper constitueiits in the atniosphere at 
that, level. Inileerl, we are infornied that a small tube 
of oxygen would have act.ed as a literal elixir #amour, 
mid t.he captain and I can reconimend its being carried as 
a great hcnefactor at. high levels. 

Our desccnb from the loftmy dt.itucle was quite ra Id; 
for e i s  nii1:utrs we fell at  1!000 feet per minute, whic i is 
decicleillg t.oo fast, for comfort. Due to the rapidly chanT 
ing hnronietric pressure, the desire is to hold one s niout 
ns wi(1t.l-y opcn tis possible bo a.djust t.he lungs to the new 
contlit,inn!;. As n-e neared t.he ground we not,ed that the 
grcju~id t,cmipcra.ture was very high; nioreover, t,he air 
w:i,s opjirc?asirt..ly humid ancl stuffy. This warmth act,ing 
on the ~ R S  in tho halloon serred to es and it faster than 
it, cnu18 Iwape tdirougli tho valve, a 7 though the valve 
\vas hold open cu~itinuously. Tlius we chgged across 
thc first field, uiia.hle t.0 get down. We were approaching 
:I. railroad t.rack wit.11 t,elegraph lines ancl trees beside it. 
Those. had to bc jumped; consequcn t,ly our nt.tention 
was t,Uriiril t.0 gett.111v ballast over. Our lunch was the 
nctirwt, t.1iiiig at 1111ncP, and t,liero cnsuecl a writable rain 
of 1)oilci:l eggs, or:i:igc’s, and chicken santlmichcs upon t,he 
plai:t nt.ion l~clow. But they serT-cd their purpose, for we 
juni~xd tlie wirrs. 

T I  e werc d d t ?  to get domi in the nost. field after having 
the hng, in tlc?fla big, pn.rac1iut e siclcmise in t,lie nett,ing 
n.ncl drag 11s tlirouqh muddy pools for about a qumter of n 
mile w..it.li t,lie 1)asiic.t on its side. We were on a cot.tou 
plnntat~ioii iiivir Srcoln, Miss., ~ l ~ i c l  of course were sur- 
rwi::h!d 1)j~ a. crow1 of negroca, who were of t>ho opinion 
t,lin.t, IVC l i d  falleii uniiiteut~io~ially. They liad hceii 
\\-:i.t.cl~ing us, t,liey snict, fn r  aboiit, an hour, and were quite 
an~nzcd t h t ,  wc shoultl prec‘ipitnt.e ourdves volmitarily 
in t,lieir miilst.. 

Now, t.lw vil’ec.l of t.lie liigli nlt,i t.iide and oiIr rapid dn- 
stwit. ;iw.rt d itself. ‘I’h cnpt.ain, to whom pa.c.king ti. 
hlloori is : h i (  1st R subconscious operation, wen t throu~h 
t.he work in whirlwind fa.sliion, while I was so nicnt,dy 
hefogwci tlint. I had tn t,liink t:wice how tb do the moat 
riclic.if0usl-y simple t,liings. ~ 1 i  overwhclniinig desire to 
slcr > ovcrcn.iiio nie. As soon a s  the packing up was coil- 

and I coul~l hare t.opplecl over in the niud for the sa.ke of 11 
1it.tle rest. 

These nrc the salient features of the trip from a popu- 
lar st,andpoint,. It will now be of interest to cliscms tha 
trip from n more scientific standpoint. 

Prmwrt? distrr’butihi .--Figures la, Ib, and IC represent 
sea-level pressures at  7 p. iii., A ril 16; 1 a. in., and 7 

April 17, a.nd is int,erpolntetl from the niaps of the pre- 

cluc t etl, t.lic captain coniplained of a split.tmg headache, 

a. ni., Bpril 17, 1919. k’igure 1 s is drawn for 1 a. ni., 
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ceding evening (la) and tlie follom-inm niorniiip (IC.). 'L'he Figure 3 is dniost self-esplanatory, since it represents 
t,rend of the isobars is, in general, 8ie snmr!'iii n!l t.liroc the courses of t,he two balloons, ns seen lnterdy. The 

topogrn dij- is represented in solid h1ac.k in c,ross section 
011 each of tdiese chmts is shoii*1i the path of t,he 1x11- dong t, / ie pat,li. The c.it,ies mid towns pnssed over me 

maps. 

loons. Tho solid ,art of the line iiic-licatcs the portion  SO indicated. The abscissae re resent i d e s  traveled, 

positions of the Idloons in their paths are iiidic.ntetl. 
t#rarerst?d up t.o t, ie t.inie of the ninp ,  tdie t:l(:t4tx!t? part, ant1 tlie ortlinntes ropreseiit dtit,ut es in feet,. The hourly 
sliwn-s the rout.(? tnkon afkr the tinx of t . 1 ~  m n p .  

r 
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Ma wiruZs.-It is of interest to compare the actual Table 1 and fi ure 3 show the‘distances actually cov- 

“gradient wind,” which is defined as the wind in which The corn uted graclient 
equilibrium is maintained between the pull of gravity wind is shown in the second column. 8 is computed 
down the Dressure sloDe. the deflective tendencv clue t,o 

directions and speed of the balloons with the theoret.ical ered by each ba lf oon, taken from figure 2, and the aver- 
age altitude during each hour. 

from the isobars at 1 a. m. and 7 a. m. 

__ 
p. m. 

11 to 12 ................... 
a. m.  

12 to 1.. ................. 
1 t o 2  ................... 
2 t o 3  ................... 
3 t o 4  .................... 
4 t o 5  .................... 
6 to7 .................... 
7 t 0 8  .................... 
S t 0 6  ..................... 

a t 0 9  .................... 
9to 10 ................... 
10 to 11. ................. 
11 to 12 .................. 

the earth’; rotation, Ad centrifugal tendency d i e  to the 
direction of the wadi- 

ent wind is nornmI to 

height of only a few huntlred meters that the actual wind 
above such heights is essentially the same as the gradient 
wind. 

adient or p a r a h  to r ecomes so sniall at  a 

- __ .- - - . _- 
Mctrrslacc. I Mflewlsrc. 

I 13.4 

, 

TABLE l.-Spteds and altitudes.’ 

(See Fig. 3.) 

Bnlloon No. 1. 
(5 OM) feet- 1 1 d524m.). 

veloelty. -- Time. 

I Speed. I 
I 

11.5(?) I 
I 
! 

11.5 i 
I 

I 

19.7 
13.4 
11.3 
12.5 
12.5 
14.3 
15.2 
10.3 
8.9 

:Q. R 
26. s 
3.6 ~- .. 

12to1  ............................... 
l t 0 2  ................................ ’Om. I 

m m a .  
1,371 

1 554 

1 : 5iO 
1,5!!5 
1 575 
1:403 
1 220 
1:8?8 
2 073 
1 : 3i l  
1 402 

2.438 
3.353 

l’5SO 

1: 158 

Balloon No. 2. 
(lO.OO0 feet- 

3,015 m.). 

bso 
8 
8 

8 
4, 

K I M  2 4 6 E D QfM 

Fxo. 3.-Speeds of the balloons. 

It will bo not,ecl t,liat the agreement during the night 
speed. I between thi? computod and the observed wind speed at 

t.lie lower lt!\-el is quite good. The average speed be- 
tween 11 p. 111. and 5 n. m. is 14.3 meters per second for 

23.2 : the louw h;illoon, x:it,liin 0.5 metcrs per second of the 
21.6 colliputeil spei l  fro111 the 1 :I. 111. mal). 

A s  ~ - n s  p i n  t.rf-l out. a.l)ove, the dt.itudes, ancl tlie speeds 
;;:; j at nirious ndt,itwles, \cere so rmiable during tdie later 
17.0 hours of t h  t.ri 1 tlint very litt.!e can be done by way of 
22.8 ; ; 

$; : ;:$; for la.t.it,udos W and 37@ :W, respectively. 
2 4  ! 3 . m  It is cilwioiis tdiat tlie clii.ta obhinecl in a single attempt 

3.353 of this kind are t>oo nienger to be the foundation of ant- 
5.0 j 3.353 tlicorc!t,ical worlc. Ncv.ert,lielt.ss. :t i n r s  nunibcr of such 

........ 

uclcrs/srr. dlclt,rs. 

3 04s 

;;:,$ 
3,nm 

10.2 ! 3:0.15 
14.6 3.046: 

?.SO5 3,0ij coinparison. Tim coniput.ec.1 winds gjwn in the table a.re 

l i . 0 .  

The advantage which accrues to the aviator who is 
higher than his opponent has led to considerable flying 
at great altitudes. “Near the end of the war i t  was 
quite common for battle planes to ascend to altitudes of 
15,000 to 15,000 feet. * * * lilong with this devclo - 
ment there occ.urr.ed with increasing frequency among t P ie 
aviators a coliclition closely similar to, perlia )s irleiiiicnl 
with, the ‘overtraining’ or staleness, the il ysical and 
nervous impairment of athletes in a footEtlrl team or 
college crew.” Both conditions seem to be the result of 
frequently recurring short periods when the body has 
insufficient oxygen. 

“Paul Bert,’ the brilliant French hysiologist, was the 
first to demonstrate, in 1875, that t I: e effects of lowered 
barometric pressure or altitude are wholly dependent 011 
the decreased pressure of oxygen.” 

Thus, these effects are different from those of caisson 
disease, which results from the formation of bubbles of 
nitrogen absorbed in the blood and tissues under high 
pressure, when “the pressure with which the tissues are 
in equilibrium should havelbeen lowered consiclerahly 
more than half its absolute amouut m a few seconds.” __ - -_- __ . 

1 P m n t e d  before R m e  Societ Mar. 22, 1919. 
2 ‘<La ~rrssion ~ a r o n v d  
8 Further detalls are given f;Prof. Henderson and still more. by J. 6. Haldane, Nature, 

VOl. 96, pp. 173-174.4. r. 8. 

.*’ 8 aris. 1875. 

Obviously, the nviittor can not rise fast enough for this 
to occur. When the pressure is reduced the dissolved 
nitrogen diffuses rapidly into the air, and so the interlid 
ens pressure becomes quick1 adjusted to the esternal. 

occur in low biwometric. ressures. However, among 

saw not n single nosebleed.” * * * With oxygen 
breathing appa.ratus, two experimenters, “Schiieider and 
Whitiiey, went into t-he steelchamber (at Mineola) and the 
air was pumped out of i t  until the barometer stood a t  
oilly IS0 mix,  23 per cent of the ressure outside-the 

“To sum up all that has been saicl thus far, the in- 
fluence of low barometric pressure is not mechanical 
hut chemicn.1. Life is often compared to a fla.me; but 
there are marked differences, depending u on the pe- 

Nevertheless, the idea IS stil f prevalent that hemorrhages 

thousn.ntls of eople whom I E n.d 
o:i Pikes Poii. R - during a five week stay on the suniniit, I 

equivnlent of an a.ltitude of 35,000 P eet.” 

culinr affinity of the bloocl for osygen. A: man .may 

opportunity to observe 

breathe quite comfortably in an atmos here in which a 
cmdle is extinguished. The candle burn with only 
slightly diminished brightiiess a t  an altitude a t  which a. 
iiian collapses. The candle is affected by the proportions 
of osygen and nitrogen. The living organism depends 
solely upon the absolute amount of oxygen-its so-called 
partial pressure.” 


